Background: Providing individuals with the information necessary to make informed decisions is now considered an ethical standard for health systems and general practitioners.
Background
Providing individuals with the information necessary to make informed decisions is now considered an ethical standard that screening programs and opportunistic secondary prevention must meet [1] [2] [3] . The general public must be aware of the benefits of screening, i.e. mortality reduction and, for cervical and colorectal cancer, reduced incidence, but also of its harms, i.e. overdiagnosis and unnecessary workup and treatment.
To this end, several systematic reviews have recently summarised the results of numerous randomised controlled trials (RCTs) on the benefits and harms of screening. These summaries provide pooled relative risk estimates as well as absolute numbers of events occurring in a cohort of screened individuals compared to what would occur in a cohort of unscreened individuals, based on intention-totreat (ITT) analysis [4] [5] [6] . Presenting the results in terms of absolute numbers in a small cohort is the most effective way to provide correct information on the benefits and harms of a procedure: numerical information is exact, straightforward (thereby reducing cognitive complexity), and extremely concrete (thus easy to imagine) [7, 8] . However, these numbers, as we will see, may not be the most appropriate choice to support informed decision-making.
Most of the screening systematic reviews used ITT analysis to calculate the expected number of events (benefits and harms) in the screened and non-screened cohorts, which is a standard choice of analysis. For policy makers, intention-to-treat analysis -a weighted average of harms and benefits occurring in participants and non-participants alike -is the most useful since it measures the actual impact that a screening programme would have at the population level, taking into account also that the most important barrier to effectiveness is often nonparticipation [9, 10] .
Most of the trials included in the systematic reviews that demonstrated screening efficacy (prostate, breast, and colorectal screening) were designed to randomise the target population to intervention (invitation to screening) or to no intervention (control -no invitation: for prostate cancer screening both PLCO [11] and ERSPC trials [12] ; for breast cancer screening all the Swedish trials, Malmo, Goteborg, Stockholm, Two counties, the UK age trial, New York HIP trial, and Edinburgh. For references see the Cochrane systematic review [13] or the UK Independent Panel [3] ; for colorectal cancer most of the trials on faecal occult blood test, Funen, Goteborg, Minnesota, and Nottingham. For references see the Cochrane systematic review [14] ).
In the context of screening, however, intention-totreat analysis results may not actually support individual decision-making. If the ITT analysis results from these RCTs are used to that end, we are providing the general public with information based on the comparison of the population randomised to receive the screening invitation with the population who did not receive the invitation. This information, in other words, examines the benefits and harms of screening between those who received the invitation and those who did not, and not the harms and benefits of actually participating in screening. The individual who must decide whether or not to participate in a screening programme, therefore, may be mislead by the very information intended to support him/her. This problem could be resolved by using a per protocol (PP) analysis, which compares those individuals who actually participated, i.e. at least presented for the first screening test, with those who were not invited. A recent review showed that most of the differences in the estimates of mortality reduction due to mammographic screening disappear when the figures are calculated only for women who were actually screened [15] . Table 1 illustrates the kind of information provided to the general public on breast cancer screening: three plain language syntheses or fact boxes produced for individual decision-making on breast screening based on recent systematic reviews. These figures were produced by the UK Independent Panel [3] , by the Euroscreen Working Group [4] , and by the Harding Centre for Risk Literacy [5] . All three provide ITT estimates on the benefits of screening; surprisingly, the full papers by The UK Independent Panel and by Euroscreen also report per protocol estimates (women who actually responded). As for the harms of screening, the UK Independent Panel fact sheet clearly states that the estimate of overdiagnosis is calculated for women actually screened "as a proportion of cancers detected during their screening period". Understanding the fact sheets is difficult, which defeats their purpose. Further, their plain language/narrative presentation does not clarify which estimates are used and to which population, invited or screened, they apply. Individuals may believe they have understood the information and have made an informed choice, but have they?
Discussion
To illustrate the difference between intention-to-treat analysis results and per protocol estimates, we can use the same approach as the Harding Centre for Risk Literacy for mammography, applied to colorectal screening. With ITT, we obtain an estimate for colorectal cancer screening with faecal occult blood test of 85 deaths out of 10,000 persons screened for ten years and 100 deaths for the same population in the absence of screening. With a per protocol analysis, there would be 74 deaths out of 10,000 persons screened with at least one test in 10 years.
Which should the individual take into consideration in the decision-making process, 85 deaths per 10,000 screened or 74 deaths per 10,000 screened?
The Cochrane Review on colorectal screening does take these two calculations into account, however; both the mortality reduction for the whole randomised population and adjusted for participation are reported [14] .
The first issue to be addressed concerns using ITT analysis results for the purpose of helping individuals invited to screening to decide whether or not to participate. Indeed, doing so would result in the paradox that the invitee would apparently be affected by any of the benefits and/or harms observed in the ITT analysis thanks solely to having received the invitation, regardless of actual participation. Clearly, however, both harms and benefits are downstreams of screening participation. Therefore, the correct numbers to use to help inform individual decision-making are those regarding the subjects who actually participated, which do not come from the ITT analysis but from PP.
Intention-to-treat remains the first and only analysis to test the hypothesis for the overall effectiveness of any intervention; rejection of the null hypothesis in the intention-to-treat analysis is a prerequisite to proceed to per protocol analysis.
In the case of a therapeutic intervention in the clinical setting, most of the causes of therapy interruption or non-compliance to the protocol are both prognostic factors and causally linked to the therapy itself (intolerance, side effects, etc.). The best prospective estimate of therapy efficacy that we can therefore give patients who must chose between therapeutic options is based on intention-to-treat analysis, given that it cannot be known a priori whether a therapy will be tolerated and/ or finished.
An individual's decision to participate in screening, however, is not usually determined by potential negative or positive prognostic factors, and there is no causal link between participation and screening results. Therefore, if participants and non-participants differ in their baseline mortality or incidence this will be due to a self-selection bias.
Further, the target screening population is healthy; in the absence of other interventions, it is thus absolutely unlikely that a large number of deaths or cancer diagnoses will occur in the time elapsing between invitation and participation. Therefore, any potential bias that per protocol analysis may introduce due to the exclusion of outcomes Proposed per protocol analysis Figure 1 Theoretical framework of the intention-to-treat and the proposed per protocol analysis applied to cancer screening trials that randomised to invitation to screening or no intervention. [4] .
that occurred between randomization and screening test should not be relevant, while it can be quite relevant when the mortality rate in the study population is high, i.e. in many therapeutic trials [16] . Given the absence of any causal link between participation and screening results (the decision is made before the first screening test) and given the data produced by the trials, the self-selection bias mentioned above can be adjusted for. In fact, we can measure incidence and mortality in the controls and compare them with those of the non-participants, thereby obtaining a direct measure of the self-selection bias (Figure 1 ). This measure is based on the outcomes themselves and thus includes all the possible effects of detected and undetected confounding variables.
In conclusion, a correct per protocol analysis can produce data useful to support individual decision-making providing it meets the following conditions: 1) it must include all the randomised subjects who presented for the test; 2) it must not exclude any subject for any reason after presentation; 3) it must compare the results in this cohort with those of the control arm; 4) it must appropriately adjust for self-selection bias. The conceptual flow chart of this strategy is represented in Figure 1 .
A similar framework could be applied to estimate benefits and harms of other preventive interventions in which trials are designed to measure the impact on population while the impact on individuals depends on participation in the intervention itself.
Summary
Providing individuals with the information necessary to make informed decisions is now considered an ethical standard for health systems and general practitioners.
Results from intention-to-treat analysis have thus far been used to illustrate screening benefits and harms.
Intention-to-treat analysis in most screening trials compares no invitation (control) to invitation to screening (intervention). The intervention arm therefore includes everyone who was invited, regardless of actual participation. These results may be misleading for individual decision-making.
Correct information should consider the efficacy observed for subjects that participated at least once in screening compared to the control arm. 
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